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Abstract 
The chemical modification method was used to improve the hydrophilicity of polyvinyl chloride-vinyl acetate 
copolymer ( VC-co-VAc ). The experimental results showed that the polymer material VC-co-VAc-OH can be 
obtained by hydroxy modification from VC-co-VAc. Then the polymer of VC-co-VAc-OH was used to prepare 
asymmetric flat-sheet membranes with the solvent of dimethyl acetamide ( DMAc ) and the additive of polyethylene 
glycol 20000 ( PEG 20000 ) by using phase inversion technique. When the polymer concentration was 16 wt.%, mass 
ratio of solvent to additive was 10:1, coagulation temperature was 20 ć, evaporation time was 30 s and relative 
humidity was 50 %, a membrane with good performance could be prepared. These results were supported by 
experimental data of pure water flux, retention, water content and pore size distribution. 
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1. Introduction 
In latter decades, the membrane technique has been broadly applied in water treatment and industrial 
fields. However, the biggest obstacle to membrane filtration in practical application is membrane fouling 
which decreases the life of membrane and increases cost. The modification of existing membrane 
materials is one of convenient and effective approaches to improve antifouling characteristics of 
membrane [1]. The favourable results of experiments have attracted researchers to study vinyl chloride-
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vinyl acetate  copolymer (VC-co-VAc) which has a good chemical resistance, high resistance to the 
activity of bases, salt solutions, mineral o ils, alcohols, oxygen and so on. The polyvinyl chloride-vinyl 
acetate copolymer had been used to prepare the flat and tubular UF membranes [2, 3]. But there is little  
paper dealing with the production of membranes from the VC-co-VAc-OH. 
The present work was to prepare flat-sheet VC-co-VAc-OH membrane by phase inversion method and 
to study the influence of preparation condit ions (polymer concentration, mass ratio  of solvent to additive, 
coagulation temperature, evaporation time, relative humid ity) on membrane performances. The 
performances of membranes were evaluated by the pure water flux and retention of bovine serum albumin 
(BSA) solutions. In addition, the pore size of membrane samples was investigated. 
2. Experimental  
Homemade VC-co-VAc-OH was used as membrane material whose hydrophilicity was improved by 
the following procedure: the alcoholysis of VC-co-VAc was proceeded in the presence of NaOH as 
catalyst and methanol as reagent, the hydrophilic groups will be introduced to the framework of 
molecular chain, which is shown in scheme 1. 
The prepared VC-co-VAc-OH copolymer was dissolved in DMAC (solvent) with PEG 20000 
(additive) to form casting solution. The obtained solution was stirred for 4 h at 60 ć, after that, the 
casting solution was placed again  in  the vacuum oven at 60 ć  for 2 days to remove the bubble. Then the 
membranes were prepared by phase inversion technique. 
A dead-end cell filtration system with an effective membrane area o f 24.0 cm2 was used in the 
experiments. All filtration experiments were conducted under constant transmembrane pressure of        
0.2 MPa at 22 ć , and the calculation formulas of pure water flux and retention were described in 
literature [4]. The pore size distribution of membrane samples was determined by a modified bubble -point 
method, which may be found elsewhere [4, 5].  
3. Results and discussion 
3.1. Polymer concentration 
It can be seen from Fig. 1 (a) that as polymer concentration increased from 12 to 20 wt.%, the pure 
water flux o f the membranes gradually decreased from 136 to 80.7 ml ·cm-2·h-1, whereas the retention of 
the membranes increased from 72.3 to 95.9%. The results related to the variation of membrane porosity 
and pore size, as shown in Fig. 1 (b ), both water content and pore radius decreased from 84.5 to 74 % and 
from 113.3 to 93.9 nm, respectively. This fact implied that both membrane porosity and pore size 
decreased with the increase of polymer concentration, so the pure water flux of the membranes would 
decrease and the retention of the membranes would increase naturally.  
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Scheme 1. The alcoholysis of VC-VAc.  
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( a )                                                                                           ( b ) 
Fig. 1. Effects of polymer concentration on membrane properties: (a) The water flux (ƺ) and retention (▲) of the prepared 
membrane; (b) Membrane pore radius corresponding to maximum pore size distribution (Ƹ) and water content (■). 
3.2. Mass ratio of solvent to additive 
It could be clearly  seen from Fig. 2 (a), as mass ratio of solvent to additive decreased, which was equal 
to the increase of additive content, both the pure water flux and retention of the membranes continuously 
increased from the init ially lower value of 55.2 ml·cm-2·h-1 and 91.43 % at mass ratio of 70:1 to a 
relatively higher value of 98.9 ml·cm-2·h-1 and 95.66 % at mass ratio of 10:1. However, in present study, 
the water content increased from 66 % to 80.7 %, while the pore radius decreased from 118.6 nm to 104.6 
nm with the decrease of mass ratio of solvent to additive from 70:1 to 10:1 in  Fig. 2 (b). It was deduced 
that the decrease of mass ratio would enlarge the porosity of membranes and decrease the pore size,  and 
the contribution of the second effect was bigger than that of the first effect, so both the pure water flux 
and retention of the membranes continuously increased with the decrease of mass ratio of solvent to 
additive. 
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( a )                                                                                  ( b ) 
Fig.2. Effects of mass ratio of solvent to additive on membrane properties: ( a ) the values of water flux ( ƺ ) and retention ( ▲ ) of 
the prepared membrane; ( b ) membrane pore radius corresponding to maximum pore size distribution ( ᇞ  ) and water content ( ■ ). 
3.3. Coagulation temperature 
It was obvious from Fig. 3 ( a ) that the pure water flux of the VC-co-VAc-OH membranes gradually 
increased from 77.8 to 103.8 ml·cm-2·h-1 with the increase of temperature in coagulation bath from 5 to  
25 ć, whereas the retention of BSA solution didn’t comply with the same regularity, it reduced from 
97.1 to 88.6 %. As reported by other researchers [6], the high coagulation temperature would accelerate 
the exchange rate between solvent and non-solvent, make the sublayer structure of membrane looser and 
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accelerate polymer aggregation on the surface o f membrane. This was also confir med  by the results from 
Fig. 3( b ), both water content and pore radius increased from 72.4 to 83 % and from 102 to 116.5 nm, so 
the membrane permeability would increase and the membrane retention would decrease.  
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Fig.3. Effects of coagulation temperature on membrane properties: ( a ) the values of water flux ( ƺ ) and retention ( ▲ ) of the 
prepared membrane; ( b ) membrane pore radius corresponding to maximum pore size distribution ( Ƹ ) and water content ( ■ ). 
3.4. Evaporation time 
It could be seen from Fig.4 ( a ) that the pure water flux decreased from 190.8ml·cm-2·h-1 at 5 s to   
83.5 ml·cm-2·h-1 at 120 s, and at the same time, the retention increased to a h igher value of 93.3 % with 
evaporation time of 120 s from initial value of 89.2 % with evaporation time of 5 s . These results were 
also confirmed by the experimental results of the variation of water content and pores radius of the 
membranes. It can be seen from Fig. 4 ( b ), both water content and pore radius of the membranes reduced 
from 86.5 to 74.5 %, from 113.3 to 96.8 nm, respectively. In other words, with the increase of 
evaporation time, the porosity of membranes gradually decreased and more  and more particles of BSA 
solution were b locked, thereby the pure water flux decreased and retention increased when evaporation 
time increased from 5 s to 120 s. 
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Fig.4. Effects of evaporation time on membrane properties: ( a ) the values of water flux ( ƺ ) and retention ( ▲ ) for the prepared 
membrane; ( b ) membrane pore radius corresponding to maximum pore size distribution ( ᇞ  ) and water content ( ■ ). 
3.5. Relative humidity 
It can be seen from Fig. 5 ( a ) that the pure water flux and the retention of me mbranes varied with 
changes of relative humidity. The results exhib ited that the pure water flux increased from 70.7 to     
154.1 ml·cm-2·h-1 and the variation of retention of BSA solution was negligible, which varied from 91.9 
to 90.7% when relative humidity varied from 30 to 70 %. The increase of membrane permeability could 
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be attributed to a more porous structure. As shown in  Fig. 5 ( b ), the water content gradually raised from 
67.3 to 87.5 %, which implied the increase of the porosity of membrane. At the same time, the pore radius 
changed inconspicuously from 105 to 107 nm, which meant that the variation of membrane pore size was 
very small, therefore, the retention of BSA would keep unchanged as relative humidity was up to 70 %. 
Furthermore, considering the pure water flux and retention of BSA integrally, the polymer 
concentration of 16 wt.%, mass ratio of solvent to additive of 10:1, coagulation temperature of 20 ć, 
evaporation time of 30 s and relative humidity of 50 % are p roper for VC-co-VAc-OH membrane 
preparation, the pure water flux and retention of membrane are 98.9 ml·cm-2·h-1 and 91.4 %, respectively. 
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Fig.5. Effects of relative humidity on membrane properties: ( a ) the values of water flux ( ƺ  ) and retention ( ▲ ) of the prepared 
membrane; ( b ) membrane pore radius corresponding to maximum pore size distribution ( Ƹ ) and water content ( ■ ). 
4. Conclusions 
The VC-co-VAc-OH material, which is modified by chemical method from VC-co-VAc, can be used 
to prepare flat-sheet membranes with good performance by phase inversion technique. The optimum 
membrane preparation conditions for VC-co-VAc-OH membrane were obtained, when solid content was 
16 wt.%, mass ratio of solvent to additive was 10:1, coagulation temperature was 20 ć, evaporation time 
was 30 s, relative humidity was 50 %, the higher pure water flux and good retention of membranes can be 
achieved. 
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